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the equation y =»kc", the light being proportional to some power of 
the sun's angular distance. 

The most noticeable deviation from a straight line is in the curve 
for series I. where it approaches the axis of y ; here the intensities are 
less than required by a straight line, which is explained by the fact 
that'this series was made late in the afternoon of a winter day when 
the light of the sun itself was rapidly diminishing, and, as before stated, 
the observations nearest the sun were made last. 

Neglecting, for the reason just given, the first three observations of 
series I., we obtain the following as the most probable values of n in 
each case: series I. — 1.4; II.— 1.4; III. — 1.32; IV.— 1.21. Com- 
puting now the numerical value of m for each series, and substituting 
in the equation y = mx n , we have for series : I. y = 359a; -1,4 ; II. y = 
33.1a:- 14 ; III. y = 13.7a;- 132 ; IV. y = 12.6ar 121 . 

Columns 1, 2, 3, and 4 give the deviations from the formulas of 
the observations of series I., II., III., and IV. respectively ; the devia- 
tions being expressed in percentages of the intensities. The last 
column gives the mean of the deviations ; neglecting, as before, the first 
three observations of series I. Although some of the deviations are 
quite large, yet the sums of the positive and negative deviations are 
approximately equal ; and it will be observed that they frequently 
change their sign, which shows a close agreement with theory. It is 
probable that the larger deviations are attributable in part, at least, to 
sudden changes in the reflecting power of the sky, such as would be 
produced by air currents or by the precipitation or dissipation of atmos- 
pheric moisture. 

That these deviations are greater than those due to errors of obser- 
vation, is clearly shown by the experiments in the preceding article. 



V. — LIGHT ABSORBED BY THE ATMOSPHERE OF THE SUN. 

By E. C. Pickering and D. P. Strange. 

The following series of experiments were made for the purpose of 
determining the relative amount of light received from portions of the 
sun's surface at varying distances from the centre of its disk. For this 
purpose, the sun's rays were reflected into a darkened room by means 
of the black glass mirror of a porte-lumiere, and an image of the sun, 
40 cms. in diameter, was, by means of a small telescope, thrown upon 
a screen placed at a distance of 230 cms. from the aperture. In the 
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centre of this screen was cut a circular hole 2 cms. in diameter, and 
the light passing through this aperture was received upon a Bunsen's 
photometer disk, placed at a distance of 25 cms. behind it. The 
porte-lumiere was then moved until the desired portion of the image 
coincided with the centre of the aperture in the screen, and the image 
kept at rest by a slight movement of the telescope whilst the pho- 
tometer reading was taken. The light used for comparison was a 
standard candle, which was placed in the photometer described above 
(page 421). Much difficulty was experienced on account of the 
difference in color of the light from the sun and candle, in obtaining a 
satisfactory disappearance of the spot of the photometer disk. Various 
attempts were made to remedy this trouble, by using colored paper, 
disks of colored plaster, &c, none of which succeeded very well, and 
the ordinary white disk was finally adopted. A large number of pre- 
liminary series of observations were made, and rejected as not being 
sufficiently accurate. 

The results of the last three days' observations are given in Table I. ; 
the first column giving the percentage distance from the centre 
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towards the edge, and the succeeding ones the intensity of the light 
compared with that of the centre taken as unity. The second column 
gives the mean of the first day's, the third of the second day's, and the 
fourth of the third day's observations. Upon the second day, there 
were several times as many observations taken as upon either of the 
others, and its mean is correspondingly more reliable. A portion of 
the observations were taken upon or near the polar, and others upon 
or near the equatorial, diameter of the sun. Column 5 gives the 
mean of the measurements taken upon the equatorial, and number 6 
the mean upon the polar, diameter. As these are the results of but a 
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comparatively small number of observations, it seems difficult to decide 
whether the apparently greater brilliancy towards the edge along the 
equatorial diameter is real, or is due to errors of observation. Column 
7 gives the mean of all the measurements taken, and column 8 the 
probable error of this mean. 

If the sun had no atmosphere, its disk as seen from a distance would 
appear uniformly bright, since the light emitted by one square metre 
in any given direction is inversely as the cosine of the angle of emis- 
sion, while, owing to foreshortening, its apparent area is proportional to 
the cosine of the same angle. Let us next suppose it surrounded by a 
homogeneous atmosphere not perfectly transparent. Evidently the 
absorption will depend on the distance which the light has to pass 
through it, and will be greatest at the edges, and least at the centre ; 
or the disk will appear brightest at the centre and darkest at the ex- 
terior, as is actually the case. To determine the law of this variation, 
let the radius of the disk equal unity, x the apparent distance of any 
point from the centre, h the height of the atmosphere, b the brightness 
of any portion of the disk were there no atmosphere, a the proportion 
of light which would traverse a thickness of the atmosphere equal to 
unity, or to the sun's radius. Call v also the distance the light from 
the point x must traverse before emerging from the solar atmosphere, 
and y the apparent brightness of the same point. It is readily proved 
that 2?=:V'(1-|-A) 2 — x 2 — VI — x% and that y = ba" ; therefore, 



y~- 



:ba ^a+hr—x"—s/i- x > 



is the equation which gives the brightness of any point of the sun's 
disk, assuming that its atmosphere is homogeneous. From any three 
corresponding values of x and y we can compute a, b, and h. Assum- 
ing from the above observations y=l for a; = 0, y=z .782 fol- 
ic =.75, and y= .374 for x= 1, and taking logarithms, we deduce 
the three equations of conditions : — 

= log b -j- h log a ; 



— .1068 = log b + (V(l + hf — .5625 — .6614) log a ; 

— .4271 = log b -f- (ph -4- W) log a. 

Subtracting these equations, we eliminate b ; and dividing one of the 
resultant equations by the other, eliminates a. We thus deduce the 
equation : — 



y/,4375 -4- 2h + A 2 — .25 ph + A 2 75h — .6614 = 0. 
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To solve this equation, its first member was placed equal to m, and 
various values of h substituted ; a curve was then constructed with m 
and h as coordinates, and a few trials readily gave the value of h cor- 
responding to m = 0. This affords an easy means of solving many 
equations not readily treated by the usual methods. The value of h 
thus found was a little less than unity. Substituting h = 1 gives 
log a = — .5835, a — .2609, log b = .5835, and b = 3.833. Or, if the 
effect of the solar atmosphere resembles that of a homogeneous atmos- 
phere, its height must equal the radius of the sun, and its opacity be 
such that the light in the centre is only .26 of what it would be were 
the atmosphere removed ; or the sun's brightness in the latter case 
Would be throughout 3.8 times its present brightness at the centre. 
Substituting these values of a, b, and h in our first equation, gives 



logy = .5835 — .5835 (y/4 — a? — \Jl — x 2 ), 

in which, by substituting various values of *, we deduce the corre- 
sponding values of y, the light at various points of the sun's disk. In 
Table I., the column headed Theor. gives the amount of light computed 
by this formula, and the last column the differences from the mean ob- 
servations, M. Three other theoretical values were computed for these 
points, but those given in the table were retained as agreeing most 
nearly with observation. From these it appeared that a considerable 
variation in h did not alter the amount of light very materially, that a 
diminutive change of h of one-tenth increased the light between x = .6 
and x = .9 only half a per cent, and for other values of x altered y 
still less. Moreover, the differences in the last column of the table 
are evidently too regular to be due to accidental error, but rather show 
a real variation from theory, due to the fact that the atmosphere is not 
really homogeneous. We might assume that the law of the density is 
the same as that of the earth's atmosphere, or that, the height being 
taken in arithmetical progression, the densities will vary geometrically. 
But this leads to an equation which cannot be integrated, and, more- 
over, cannot be correct in fact, since it assumes that the temperature 
is uniform throughout. The great heat near the surface, by expand- 
ing the atmosphere in contact with it, diminishes its density, thus 
rendering it more nearly homogeneous than the above law would re- 
quire ; this effect is, however, counteracted by the tendency of the 
heavier gases to descend. 

It is a matter of interest to know not merely how much light is cut 
off by the atmosphere at the centre of the sun's disk, but also how 
much the whole light of the sun will be reduced by the same cause. 



432 PROCEEDINGS OP THE AMERICAN ACADEMY 

Suppose the curve constructed with coordinates equal to x and y of 
the preceding table, and that a solid of revolution is generated by re- 
volving it around the axis of T: evidently, the volume of this solid 
will represent the total amount of light received by the observer from 
the whole of the sun's disk, and the volume of the circumscribing 
cylinder will equal that which would be received if the disk throughout 
had the same brightness as at the centre. The ratio of these two 
quantities is, however, obtainable by Simpson's formula, and gives the 
result 82.6, or the light is about five-sixths of what it would be if the 
disk had the same brightness at the edges as at the centre. Now, as 
shown above, the light at the centre is reduced by the atmosphere to 
26.1 per cent. Hence the total reduction of the whole surface is 
.261 X .826 = .216. And, since the light is reduced in every direc- 
tion by the same amount, we may say that the sun would give out 4.64 
times as much light if its atmosphere were removed. 

The results of this paper may therefore be summed up as follows. 
The light of the various parts of the sun's disk is measured by the 
modification of the Bunsen photometer here employed, and given in the 
accompanying table, with a probable error not exceeding one per cent 
except close to the edge. The light at the edge is about .4 of that at the 
centre. The variations in brightness are nearly those which would be 
produced by a homogeneous atmosphere of height equal to the sun's 
radius, and opacity such that only 26 per cent of the light is trans- 
mitted. There appears to be a slightly different distribution of the 
light along the polar, from that along the equatorial, diameter. If the 
atmosphere were removed, the brightness of the sun's .disk would be 
uniform, and 3.83 times that of the centre of the disk at present. 
Moreover, the total amount of light would be increased 4.64 times. 



VI. — TESTS OF A MAGNETO-ELECTRIC MACHINE. 
By E. C. Pickering and D. P. Stkange. 

The rapidly increasing use of magneto-electric machines as a source 
of electricity renders accurate tests of the comparative advantages of 
the various forms and exact measurements of the currents generated 
under varying conditions very desirable. The machine employed in 
the following experiments was made by Mr. M. G. Farmer, and con- 
sists of a large electro-magnet wound with four coils soldered together 



